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238 PROBLEMS AND SOLUTIONS. 
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This proves the second part. 

294. Proposed by EMMA GIBSON, Student at Drury College. 

A sphere, revolving about a diameter and not acted on by any extraneous force, expands 
symmetrically; prove that its vis viva varies inversely as its moment of inertia about its 
diameter. 

Solution by E. B. Wilson, Massachusetts Institute of Technology. 

The moment of momentum of the sphere is 7w, where I is the moment of 
inertia and w the angular velocity about the axis. This is constant as no external 
forces are acting. The kinetic energy is |7w 2 or Pu?/2I, which proves the 
proposition. 

MECHANICS. 

295. Proposed by B. F. finkel, Drury College. 

A homogeneous hollow cylinder, whose inner radius is half of its outer radius, rolls without 
slipping down a plane inclined at an angle a to the horizon. Find its acceleration. 

I. Solution by A. M. Harding, University of Arkansas. 

The external forces acting are W pounds at the center vertically downward, 
the reaction normal to the plane, and the friction up the plane. 

Let R denote the resultant of the last two and let /3 denote the angle that its 
direction makes with the normal. Then the equation of motion of the mass 
center is 

<Ps 
W-Tp = Wg sin a- #sin/3. (1) 

If the length of the outer radius of the cylinder is a, then 

I -p- = R x a sin /3 = Ra sin /3, 

5 

where the moment of inertia of the cylinder about its axis is I = 5 Wa 2 . 

o 

But, since the cylinder does not slide, 
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Hence, 



1 dt 2 ~ 



Ra? sin /3, or 



Rs[n P = a 2 dt 2 



I d 2 s hW 




Substituting in equation (1), we obtain 

( w ,5\d 2 s . d 2 s 8 . 

That is, 5/13 of the acceleration of gravity is used in turning the cylinder. 

II. Solution by J. H. Kellogg, Oberlin College. 

Let M , I, R and r be the mass, moment of inertia, and outer and inner radii 
of the cylinder respectively; P.E. and K.E. the changes in potential and kinetic 
energy, due to the descent; v the linear velocity, co the angular velocity, and a the 
acceleration, of a point on the outer circumference; d the length of the plane; 
and g the acceleration due to gravity. 

Remembering that the K.E. has two parts, one translational and the other 
rotational; and that 



R = 2r, v = ros, 



then 



K.E. = \M& + i/w 2 = |M j) 2 



v 2 = 2ad, and 



1= M 



R 2 + r 2 



and 



1 + 



2R 2 



= T7- Mv 2 = -^Mda, 
lb 8 



P.E. = Mg(d sin a). 
But the energy of the system must remain the same; hence 

P.E. = K.E. 



and 



a = r-q # sin a. 



NUMBER THEORY. 
224. Proposed by PATRICK WALSH, New Orleans, Louisiana. 

Find the sides, in rational numbers, of a right angled triangle whose area is 5 J. 



